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(57) A process forthe production of a composite substrate contatnir>g immobilised plant cells, which process 
comprises contacting a glass fibre tissue (as hereinbefore defined) with an aqueous solution of sodium or potassium 
alginate containing suspended plant or algal cells, and forming an alginate gel on the tissue by contacting the tissue 
with an aqueous solution of calcium chloride or other suitable non-phytotoxic salt 

The glassfibres may be made from an "E" glass composition. Thefibre may be formed as a tissue by taking 
chopped strands in water and treating them with a melamlne or styrene binder or Is fomied by a continuousfilament 
drawing process from a composition containing a transition metal oxide. 
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SPEaRCATION 

Improvements in or relating to the growth of plant tissue cultures 

5 The present invention relates to supporting substrates suitablefor use in growing higher plant and algal 5 
cells. Such substrates are useful for the production of plant cell products, in particular plant metabolites. 

Higher plant ceils which are Isolated from a parent plant can be Induced to grow and multiply in or on a 
suitable substrate to form a growth of plant callus tissue. A callus is an aggregate of substantially un- 
differentiated, unspeclalised plant cells ("callus cells") which are capable, depending upon the physical or 
10 chemical environment in which they are placed, of either multiplying or of developing into any of the more 10 
specialised plant cells, and, ultimately into a complete plant 

For many years attempt have been made to recover secondary metabolites from planttissue cultures. Plant 
secondary metabolites include a very wide range of galenicals, essential oils and resins which are of great 
commercial importance in the pharmaceutical, perfumery and flavouring industries. However, attempts to 
15 extractsuch metabolites from suspensions of plant cells have hitherto been limited on a commercial scale, 15 
except in the case of one or two types of plant 

It is generally recognisedthat plant or algal cells more readily produce secondary metabolites when 
primary metabolism (i.e. growth) of the cells Is inhibited. Thus, if one aims to obtain a high yield of secondary 
metabolites from immobilised plant cells, it is desirable to use a substrate in which growth of the cells is 
20 controlled or inhibited. In order to maintain such high yields over long periods, it is also desirable that 20 
leakage of cellsfrom the substrate should be substantially prevented. 

European Patent Specification 52001 describes a system for the growth of plant tissue cultures as call! 
supported on a substrate in contact with a nutrient medium. The substrates described are either particulate 
or fibrous, and are rendered capable of carrying the culture by, for example, dipping the substrates in an 
25 aqueous solution of a water soluble alginate such as sodium alginate, and then contacting the substrate with 25 
a solution of a water soluble non-phytotoxic salt which precipitates an Insoluble alginate on the substrate, for 
instance a water soluble salt of calcium e.g. calcium chloride. The substrate can be Inoculated with a culture 
by suspending the cells in the water soluble alginate solution in which the substrate is dipped. 
There Is a general recommendation in this specification to use as the substrate a fibrous material such as 
30 glassfibre, cellulose or synthetic organicfibres. However, the mannerofuse and theform of the glassfibreis 30 
not exemplified. 

The substrates which are described in the specific examples of European Patent Specification 52001 are (a) 
pan scrubbers consisting of an open toroidal bundle of coarse polyamide fibre and (b) fibres of the type sold 
commerdally by Borden underthe trade mark "Safe Grow" water mat 
35 G.B.2083827B describes the growth ofvarious cell forms, including plant cells, on a two- or three- 35 
dimenslonally stable material capable of retaining a gel and in fact acting to reinforce the gel, the gel forming 
thecarriermediumfcrthecells. Tlie material used intheexamplesisdescribedasa loosely wovencloth.fo ^ 
example thatavailable under the trade name "J-Cloth" from Johnson and Johnson Ltd. 

A widely used method of immobilising algal cells is by fomning spherical gel beads incorporating thecells 
40 by adding droplets of a solution of sodium alginate containing algal cells to a solution of calcium chloride. 40 

This method however suffers from a number of disadvantages, some of which are: 

(a) Cell retention is not effective. Cells are lost from the beads of alginate gel as is evident from the con- 
tamination of the incubation mediumwithfreecellswhich is usually apparent after only one week'sincuba- 
tlon. 

45 (b) The presence of certain materials in the incubation medium can cause the gel to disrupt Such undesi- 45 
red materials include phosphate, which may be needed where a nutrient Incubation medium is used to 
maintain cell viability. 

(c)Theonly form of reactor feasible with such beads i sa packed bed reactor. This means that problems are 
experienced in achieving adequate I ight levels at the centre of the bed, and when photosy nethic gas evol- 
50 ution occurs. ^ 
The above-mentioned G.B. Patent Specification 2083827 suggests the use of a substrate in sheet fonm 
which consists of a calcium alginate gel supported on a sheet of doth sold under the trade name "J-Cioth" by 
Johnson and Johnson. This proposal however only overcomes the last disadvantage Inthat it Is possible to 
form an immobilised cell reactor between two glass plates using such sheets. We have found that using an 
55 acrylamide polymerised system as described in that specification, additional problemsoccur due tothe high 55 
toxidty of the acrylamide monomer. 

We have also found that if the substrate is treated as described at page 3 of European Patent Application 
52001, the toxicity problem is avoided but cells are released from the substrate into the incubation medium 
and there is contamination of the incubation medium with free cells and disruption of the gel in the presence 
60 of phosphates. ^ 
We have newfound that not only the nature andfonn of the glassfibre, but the way individual glassfibres 
have been assembled together to form a compact structure can influence the usefulness of the glassfibre as a 
substrate for carrying gels in thegrowth of plant cells. 
There are two main methods of forming glassfibre. One method comprises drawing glass into continuouis 
65 filaments from a many holed fiberising bushing and sizing the continuous filament material as it leaves the ^ 
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bushing and forming it into a series of strands each made up from a number of individual filaments. Several 
strands are gathered together to form a roving and wou nd into a cake. The roving can be chopped u p to form 
chopped strands which can be used as a reinforcing material, or bound together to form a mat known as 
chopped strand mat The other method comprises forming separate relatively short lengths of singleftla- 
5 ment material by using centrifugal force to extrude glass in thin streams from holes in the wall of a rotating 5 
spinner, and attenuating these streams using steam or air blastsdirected at the streams as they teavethe 
spinner. Another way of forming glass fibre into a close textured matted material is by sizing thefitaments 
with a size which is soluble in water so that chopped strands when placed in water split up into individual 
filaments and produce a uniform dispersion of glass fibre filaments. This dispersion can then be formed into 
10 material knov^ as tissue by forming it into a mat on a porous web in a manner similar to paper making. This 10 
mat can then be sprayed with a binder which is cu red to cause the filaments to adhere to one another and give 
a relathfely thin but non-paper like material known as glass fibre tissue. This tissue is used primarily in the 
reinforcement of roofing felt and in the manufacture of lead-acid cells where it is used to maintain the separ- 
ation between the plates. 

15 According to one aspect of the present invention, there is provided a processfortiie production of a 15 
composite substrate containing immobolised plant cells, which process comprises contacting a glass fibre 
tissue (as hereinafter defined) with an aqueous solution of sodium or potassium alginate containing suspen- 
ded plant or algal cells, and 
forming an alginate gel on the tissue by contacting the tissue with an aqueous solution of calcium chloride 
20 or other suitable non-phytotoxic salt .20 
The glass fibre tissue used in the process of the present invention is a glass fibre tissue which has been 
formed from a dispersion of chopped strands in water, and must be one which iseitherformedfromany 
available disperstble chopped strand and then treated with a binderwhich may be a melamine orstyrene 
binder, or if not treated with a binder is formed from glass fibres made by a continuous filament drawing 
25 process and formed from a composition containing a transition metal oxide such as ZrC}2 or TIO2. 25 
The composite sut>strates of the present invention have all of the following advantageous characteristics: 

(a) Low cost 

(b) Ease of manipulation 

(c) Low toxicity to eel Is 

30 (d) Exhibit optimum cell retention 30 
(e) Possess aform surtablefor use in a reactor, and allow adequate light penetration if necessary. 
We have found algal cells IChforef/a Spp) to be a satisfactory source of cells for use in the screening of 
potential composite substrates. Such algal cells exhibit most of the general characteristics of plant celts, in 
particularwith regard to the structure ofthe cell wall which is believed maybeanimportantfactorinthe 

35 attachmentprocessofacelltothesupportmatrix.Thesealgalcellsareeasytogrowinsuspensionculture, 35 
are relatively hardy organisms, »nd their viability can be easily assessed by available methods. Such 
methods include oxygen consumption rates, and the production of glycollates, other organicacids or sec- 
ondary metabolites. Their growth can also be caused to take place in the absence of light in the presence of a 
suitable carbon source. They are of course also of interest in their own rightbecause of their value as a source 

40 of a wide range of secondary metabolites such as glycollic acid, and materials with bioctdal activity. 40 
We have found that glass supports in the form of tissue, chopped strands (before forming into a mat), white 
wool (i.e. glass wool as used for insulation purposes freeof any phenolic binder), porous glass (glass part- 
icles which have been phase-separated and then leached to remove the soluble phase and leave an inter- 
connected matrix of holes), and sintered glass beads (smalt glass t>eads sintered together to give a porous 

45 structure) all have the ability to physically absorb algal cells. However once the cells are so fixed it has been 45 
expected that unless cellular reproduction is substantially inhibited, free cells rapidly appear in the incuba- 
tion medium, thereby indicating that the cells are not retained on the support The total physical afc>sorptive 
capacity of any form of untreated glass was found to be low, particularly in the case of porous glass, and In 
practice it was found difficult to control conditions so that reproduction ofthe cellswas ibhibited orcon- 

50 trolled without killing the cells or reducing to an unacceptable extentthe production of secondary meta- 50 
bolites. In our estimation, there is therefore no advantage to be gained by using the above physical forms of 
glass as a simple support matrix. 

We have found that certain selected forms of water-laid glass fibre tissues madefrom dispersed chopped 
strands used as supports for immbolised cells m an alginate gel give a composite substrate whose perform- 

55 ance is unexpectedly superior to that of a composite sut>strate consisting of plant cells immobilised in 55 
alginategel supported on 'J-Cloths'orfilter paper, while otherformsofwater-laidglassfibretissueformed 
from dispersed chopped strands treated with alginate perform no betterthan the said substrates formed 
from " J-Cloths" and fitter paper. In the case of materials which behave in a superior manner there appearsto 
be some form of interaction between the g lass, the binder and size materials carried onthe glass surfoce, 

60 plant cells, and alginate which enhance the performance of the system. ^ 
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Most continuous glass fttaments are drawn from a composition known as "E" glass. Atypical "E" glass 
composition is: 
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We have found that a tissue made from "E" glass with the binder removed by buming performs no better 
15 than "J" doth when used as a supportforan alginate gel. We have also found that coating the glass fibre with 15 
Ti02 after buming off the binder does not improve the performance of the substrate. We have also found that 
the performance of a tissue madefrom "E* glass and coated with an acrylic binder is unsatisfactory. The 
examples below illustrate the improvement produced by utilising the forms of glass fibre tissue defined 
above as a substrate in conjunction with an alginate gel for the immobilisation of algal cells. 
20 According to a further aspect ofthe present invention, there is provided a method for the production of 20 
plant cell products, typically secondary metabolites, which comprises contacting a composite substrate pro- 
duced in accordance with the invention with a liquid nutrient medium, and recovering the desired cell prod- 
ucts from the medium. 

Plant cells such as the eel Is of Capsicum spp. Crocus saticus. Datura, Nicotiana, and Trftlcium spp can be 
25 supported on a glass tissue/alginate gel composite substrate in accordance with the invention for at least 25 
three months with satisfactory production of secondary metabolites and with substantially no loss of cells 
from the substrate (as is evident by thefactthatthere is no contamination of the circulating medium by live or 
dead cells). This makes recovery of any secondary metabolites excreted into the circulating medium a re- 
latively more simple procedure than recovery from a medium In which there is contamination with live or 
30 dead cells. The retention of the plant cells on the substrate is also of importance in achieving a satisfactory 30 
production rate. 

Reactors incorporating substrates in accordance with the invention can be formed sim ply in a flat bed by 
placing the impregnated glass fibre tissue in a compartment formed between two glass plates which is 
sealed around the edges except where means are provided for feeding and removing a circulating medium to 
35 and from the compartment 35 

Algae can be grown satisfactorily in vertical reactors. Sufficient space is preferably leftto permit circulation 
of a medium on both vertical faces of the tissue/ge! composite so that there is imerchange cn both faces with 
the cell material within the alginate gel. The circulating medium can leave nutrients added to it, and materials 
which cause a change in the nature of the metabolites produced by the algal cells. Algae can be used to 
40 produce glycotlic add and materials with an influence on the development of other eel I systems which may 40 
act as biocides or enzyme inhibitors. 

The value of the forms of the fibre glass tissue which are used in accordance with the present invention is 
primarily in the ability of the glass fibre tissue in combination with an alginate gel to limit but nottotally 
inhibit growth without destroying cells, while at the same time avoiding susbtantial cell leakage from the gel 
45 matrix, even in the presence of phosphates which normally cause the gel to breakdown. 45 

Material released from the glass or the surface charge pattern of the glass may have an effect in slowing 
growth without preventing it altogether. 

The present invention is illustrated in more detail by the following Experiments. 

50 Experiment 1 ^ 
ft was found by monitoring free cell growth in the presence of different forms of glass tissue and in the 
presence and ab^nce of glucose as a growth promoter, that none of the glass tissues used killed the cells. 
Thus, "E" glass tissue vwth the binder removed had little inhibiting effect, and cell growth was close to the 
normal growth rate in the absence of glucose. "E" glass tissue with a melamine binder inhibited cell growth 

55 whether glucose was present or not This Inhibition also occurred if the medium In which the cells were 55 
grown was one in which the glass tissue was sealed for four days and then removed. However when the 
growth of cells and cell leakage was monitored in a comparative test where the substrates were treated with 
analginategel containing the eel Is, it was found surprisingly that in the case of the "E'' glass tissue with a 
melamine binder, growth took place with substantially no cell leakage. The number of cells appearing in the 

60 medium over a period of from 4 to 22 days was monitored and the results are shown in graphical form in 50 
Figure la. Rgure 1 b gives the key to the glass tissues used to olitain the results illustrated in Rgure la. The 
significant results in the graph are those obtained at 1 6 days, i.e. at a time before there is evidence of cell 
death - possibly owing to nutrient limitation - as manifest by the apparent drop in cell numbers at 22 days. 
The results at 16 days show clearly the improved performance of the substrates in accordance with the 

65 invention in contrast to the supports made from filter paper and "J" doths which were used as controls. 55 
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We surmise that the alginate gel may act as a drffusion barrier round the cells thereby permitting material 
released from the environment of the glass to diffuse only slowly into contact with the celts and thus maintain 
a low concentration of growth inhibitor over a lengthy period. The alginate gels are conveniently made by 
any of the known procedures described in the literature- The impregnation of the glass tissue issimply 
5 earned out by dipping into a solution of calcium chloride sheets of tissue impregnated with sodium alginate 5 
containing thecells which areto be immobilised in the gel. 

Experiment! 

Comparative tests have been carried out in which the leakage of eel Is after ten days from glass tissue 
10 alginate matrices into a culture medium containing various levels of phosphate has been compared with 10 
leakage of cells from unsupported alginate gels, and from alginate gels supported on "J" cloths, and filter 
paper. 

Phosphate Is known to have a disruptive effect of the gel matrix. Phosphate is however required in some 
drcumstances to ensure survival of the cells. The loss of cells in the presence of various concentrations of 

15 phosphate from composite substrates of glass fibre tissue/alginete gel has been compared with various 1 5 

control substrates: 'J" doths/alginate gel (control 1), No. 1 Whatman RIter Paper alginate gel (control 2), and 
alginate gel alone (control 3). The leakageof cells from the substrates afterten days was measured with 
starting cell concentrations of 10^, 10®, 10^ 10® cells per cm^ of alginate gel. The concentrations of phosphate 
were VM and ImM and 1 M. Substrates using four different types of glass fibre tissue were tested. Theglass 

20 fibretissueswerethefollowing: 20 

(a) Titania-containing glass with no binder. 

(b) 'E" glass with styrene binder. 

(c) Zirconia-containing glass wth polystyrene binder. 

(d) 'E" glass with a melamine binder. 

25 The cell leakage afterten daysfrom the above and the controls is illustrated by the histograms shown in 25 
Rgures 2 to 4of the accompanying drawings. The histograms in Rgure 2 show the results obtained with 
phosphate concentrations of 1 jjuM; the histograms in Rgure 3 show the results obtained with phosphate 
concentrations of 1 mM; and the histograms of Rgure 4 show the results obtained with phosphate con- 
centrations of 1 M. The non glass containing supports used as controls showed cell leakage at all phosphate 

30 concentrationsandatallcell concentrations. Itwillbeseenthatatthehighestcell concentration w 30 
when cell leakage becomes most obvious al I the forms of glass fibre tissue su pport t n accordance with the 
invention (Samples (a), (b), (c) and (d)) perform much l>etter than the controls, andthat support (a) hasthe 
best overall performance. 

Where callus is grown on glass fibre tissue, the reactor is preferably substantially horizontal, since some 
35 formsofcallusmaynotadheresatisfactorilytothebed,andcannoteasilybesupportedwithoutslippingor . . 35 „ 
rolling, if the bed tissue isattoo steep an angle (e.g. more than about 30°). However, there issometimesan 
advantage in ind ining the bed at a very smalt a ngle to the horizontale.g. 2 to 1 0° to provide drainage and 
prevent flooding of the tissue bed from an inequalities of flow. 
White there is no theoretical limit otthe size of the reactor it will generally be convenient for large scale 
40 operationto use relatively small units, arranged in parallel and/or in series. Such arrangements provide for 40 
ease of sterilisation and hel p to localise and isolate any infection. R)r example, a number of reactors may be 
supplied from a single reservoir via an inlet manifold andthefluid in the bed may drain, overflow or be 
pumped into an outl et manifold. Alternatively, it is possible to arrange a number of reactors in cascade, one 
above the other, allowi ng the nutrient solution to trickle down the system by g ravity. R}r example, the reac- 
45 tors may be slightiy tilted in attemate directions down thecascade so that liquid drains from the loweredge 45 
of each reactor into the upper edge of the next lower reactor. 

The rate of flow of the nutrient solution through the system should not be so rapid as to disturb or dislodge 
the culture, but should besuffidentto maintain a substantially constant supply of nutrients to the callus, and 
to prevent any harmful build up of metabolites. The depth of the nutrient solution should be sufficientto 
50 contactandwetthecallustissuewithouttotally immersing it, in ordertopermitsuffidentcontactbetween 50 
the cells and the air. 

An important advantage of the substrates of the present invention is that they permit the composition of 
the nutrient regime which is suppi led to the culture to be varied i n a controlled manner, as desired. 
The culture can be fed a solution adapted to promote optimum growth of the unspedalised cells, until a 
55 healthy growth has been established, and the composition of the nutrient solution is then gradually altered to 55 
optimise production of the desired secondary metabolite. l=or example, precursors of the desired metabolite 
or development modifiers such as auxins, cytokinins and gibberellins may be added to the solution, and/or 
the concentrations of selected nutrients or development modifiers in the solution may be reduced to inhibit 
competing biochemical pathways. 
60 The invention is particulariy useful for systems in which the desired metabolite is excreted into the nutrient 60 
medium, and we prefer in such i nstancesto recoverthe metabolite continually or intermittentiy from the 
nutrient medium while it is recycling. This reduces the inhibition of the desired metal>olic pathways by 
feedback mechanisms caused by excessive build up of the metabolite in the nutrient 
Suitable nutrient solutions for the growth of callus cultures are well known in the art. Atypical example is 
65 described by Marashigeand Skoog in Physicologa Plantarum , Vol. 15, pp 473-497. Such solutions maybe 65 
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supplemented by additions of natural plant fluids such as coconut milk, or by yeast or malt extracts. 

Thesupply of air may be controlled in various ways. In general callus culture cannot be conducted in totally 
anaerobic conditions. Often, sufficient aeration is achieved by permitting some contact between the callus 
and the atmosphere, or by bubbling air through the nutrient solution or even allowing the nutrient to absorb 
5 some airfrom the atmosphere priorto contacting the calli. Productionof secondary metabolites may be 5 
favoured by restricting the air supply to the culture. 

Illumiriation can profoundly affect the deveiopmentof plant tissue cultures. It is sometimes preferred that 
the vessel containing the culture should be transparent to permit illumination of the growing cells. Normally 
cultures will be grown in artifically simulated white light, but illumination by selected wavelengths or growth 
10 in darkness or under cycles of illumination may in some Instances be prefenred in orderto favour production 10 
of specific metabolites. 

Preferably, means are provided to control the temperature of the culture, which also affects the rate of 
growth and the yield of secondary metabolites. 

We havefound that our invention Is useful forthe production of a number of plant secondary metabolites. 
1 5 Cells of certain Capsicum species e.g. Capsicum frutesens or Caps/cum annuum could be grown on a com- 1 5 
merdal scale according to our invention and induced to form significant yield of capsaicinoids, the principle 
active compounds in theftavour of chilli pepper. The term "Capsatdnoids" is used herein generally to in- 
clude the various components of commercial capsaicin including the compound capsaicin itself, dihydroca- 
psaicin, nor-dihydrocapsaicin, homo-capsaicin, homo-dihydrocapsaicin. 
20 The production of capsaicinoids is stimulated by the addition of precursors such as valine and phenylalan- 20 
ine to the nutrient solution, once a healthy growth of plant cells has been established. Competing protein 
synthesis is checked by prog ressively reducing the nitrate and/or carbohydrate content of the nutrient sol- 
ution.This may be achieved by allowing the culture to deplete the solution naturally, and then adding the 
precursor to the nutrient medium. Water soluble salts such as sodium or potassium iso-caprate may also be 
25 used asthe precursors forthe required capsaicinoids. 25 

The substrates of the invention may also be used to stimulate the production of diosgenin by tissue cul- 
tures obtained from diosgenin-forming strains of yam of the genus Dioscorea. Diosgenin is widely used 
industrially for the synthesis of certain commerdally valuable steroids. 

Other secondary metabolites which may be prepared in accordance with the invention include L-DOPA, 
30 various alkaloids such as opium alkaloids and derivaties of Datura. 30 

Metabolite, typically secondary metabolites, may be recovered from the circulating solution of cultures 
grown on substrates in accordance with the invention. In many cases the metat>olites may be removed from 
the callus by plasmolysis, which involves contacting the cell with an aqueous solution of a non-toxic, non- 
ionic compound at a concentration sufficient to promote osmotic shrinkage of the cell, which may then be 
35 accompanied by excretion of secondary metabolites. 35 

The following Examples further illustrate the present invention. 

Examp/e/ 

Cells of Chlorelia spp were dispersed in 33.c.c. of sodium alginate (5% w/v) so as to give a cell concentration 
40 of1.8xl0^cells/ac.Arectangularshapedpieceofgl3Ssfibretissue{14cmx13cm)madefromEglasswitha 40 
styrene binder and sold under the trade description El OOM by Regina Rbreglass Ltd. was loaded with the 
dispersion by coati ng the dispersion onto the piece of glass fibre tissue. The coated glass fibre tissue was 
then dipped in a solution of calcium chloride. It was left in the calcium chloride solution until a satisfactory gel 
hadfomned and then removed and placed in a compartment formed from two glass plates spaced about 10 
45 mm apart and sealed around their peripheral outer edges except where means were provided to pass a 45 
circulating medium in and out of the space between the plates. A chorella growth medium was circulated 
through the compartment in contact with the gel for 21 days at a temperature of 25°C. The compartment was 
Illuminated with a fluorescent lamp. 
There was substantially no leakage of cells into the medium over a period of 21 days. 
50 50 
Examplell 

The non-toxic nature of the glass fibre tissue/alginate gel matrix used in Example I to plant cells was 
demonstrated by showing that calluses of the plants Datura, Nfcotiana, and Triticum survived forthree 
weeks while supported on a small piece of the reinforced gel matrix in a flask along with an appropriate liquid 
55 medium.Theflaskwaskeptagitatedatatemperatureof 25°Cforthewholethreeweeks. Nosignsof cell 55 
leakage were found with any of the plant cells tested. 

CLAIMS 

60 1 , A process forthe production of a composite sut>strate containing immobilised plant cells, which pro- ^ 
cess comprises contacting a glass fibre tissue (as hereinbefore defined) with an aqueous solution of sodium 
or potassium alginate containing suspended plant or algal cells, and 

forming an alginate gel on the tissue by contacting the tissue with an aqueous solution of calcium chloride 
or other suitable non-phytotoxic salt 

65 2. A process according to Claim 1,whereintheglassfibresare made from an "E" glass composition. 65 
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3. A process according to Claim 2, wherein the composition of the "E" glass is: 
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SiOz 

AI2O3 

B2O3 

MgO 

CaO 

NajO 

K2O 

Fe203 

F2 



53.4 
14.4 
8.4 
3.1 
18.9 
0.2 
0.9 
0.4 
0.5 



10 



5 



4. A process according to any one of the preceding claims, wherein the plant or algal cells are cells of the 
species Chlorella, Capsicum, Crocus, Datura, Nicotiana, Tritidum, and Dioscorea. 
15 5. A process according to Claim 1 substantially as hereinbefore described with reference toExperimentl 15 
or 2 or Exam pie 1 or 2. 

6. Acompositesubstrataof aglassfibrematrix carrying piantoralgalcellsimmolisedthereonwhenever 
prepared by a process as claimed in any one of the preceding claims. 

7. Amethodforthe production of plant or algal cell products, which comprises contacting a composite 

20 substrate asclaimed in claim 5 with a liquid nutrient medium, and recovering the desired cell productsfrom 20 
the medium. 

8. A method according to Claim 7, wherein the cell products are secondary metabolites. 

9. A method according to Claim 8, wherein the cell products are capsaicinoids, diosgenin, L-Dopa, opium 
alkaloids, or denvatives of Datura. 

25 10. A method for the production of plant or algal cell products substantially as herein before described 25 
v^th reference to Example 1. 
11. Plant or algal cell products, whenever obtained by a method as claimed in any one of claims7 to 10. 
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